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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a sulfonic group- 
containing fluorine-based ionomer copolymer in a state 
of being readily purified. 

SOLUTION: This method for producing a fluorine-based 
ionomer copolymer is characterized in that (i) a 
compound of the following formula (1) [M is an alkali 
metal or an alkaline earth metal; m is an integer of 1 to 
4; n is 0, 1 or 2] is copolymerized with (ii) 
tetrafluoroethylene and (iii) at least one kind selected 

from the group consisting of hexafluoropropylene, cp,-cr ioc»."r/n .o tc.r„..sn>M 

chlorotrifluorethylene, vinylidene fluoride, perfluoroalkyl 

vinyl ether (CF2=CFOCF2CF2CF3) and ethylene as a 

third monomer in the presence of a polymerization 

initiator. 
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CLAIMS 



[Claim(s)] 

[Claim 1] (i) The following type (1) 
[Formula 1] 

CF, 
I 

CF.-CP (OCPiCF) .0 (CP,) .SO.M 



(1) 



M shows alkali metal or alkaline earth metal among [type, m shows the integer of 1-4 and n 
shows 0. 1. or 2. ] The manufacturing method of the fluorine system ionomer copolymer 
characterized by cop orymeri zing at least one sort chosen from the group which comes out and 
serves as a compound expressed and (2) tetrafluoroethylene from hoxafluoropropylene. 
chlorotrrfJuoroethylene. vinyRdene fluoride. perfluoroaM vinyl ether (CF2=CFORf (Rf shows the 
perfluoroalkyl radical of carbon numbers 1-5.)). and ethyleno as the third (in) monomer under 
existence of a polymerization initiator. 
[Claim 2] (i) The following type (1) 
[Formula 2] 

CP, 
I 

CF.-C P (OC P,CP> .0 (CF.) .SO.M (I> 

M shows alkali metal or alkaline earth metal among [type, m shows the integer of 1-4 and n 
shows 0. 1. or 2. ] Come out and as the third (iii) monomer with the compound expressed and (ii) 
tetrafluoroethylene Hexafluoropropylena. Chlorotrifluoroethylene. vinylidene fkioride, 
perfkioroalkyl vinyl ether (CF2=CFORf (Rf shows the perfluoroalkyl radical of carbon numbers 1- 
5.)) And at least one sort chosen from the group which consists of ethylene is copolymerized 
under existence of a porymeri z a tion' initiator and an iodine system compound J — Process:, and 
the fluorine-containing polymer chain segment B and tetrafluoroethylene which form the 
fluorine-containing polymer chain segment B containing a sulfonic group. They are 
hexafluoropropyleno. chlorotrifluoroethylene. vinyCdene fluoride, and perfluoroalkyl vinyl ether 
(CF2=CF0Rf (Rf shows the perfluoroalkyl radical of carbon numbers 1-5.)) as the third 
monomer. ) — and the mamdacturing method of the fluorine system ionomer block copolymer 
which at least one sort chosen from the group which consists of ethyleno is made to react to 
the bottom of existence of a polymerization initiator, and includes the process which forms a 
different Huorine-containini polymer chain segment A from the fluorine containing polymer chain 
segment B. 

[Claim 3] The manufacturing method according to claim 1 or 2 whose third monomer is 
hexafkioropropylene and/or perfluoroaM vinyl ether (CF2=CFORf (Rf shows the perfluoroalkyl 
radical of carbon numbers 1-S.)). 

[Claim 4] How to remove the quality of a low-molecular-weight tonicity impurity whHe collecting 
the unreacted objects of the compound expressed with the following formula (1) an ultrafiltration 
or by dialyzing in the solution or dispersion liquid of the fluorine system ionomer copolymer 



JP.200I-226438.A [CLAIMS] 



obtained according to the manufacturinf method according to claim 1 or 2. or a fluorine system 
ionomer block copolymer. 
(Formula 3] 

CF. 

I 

CF.-CP (OCP.CP) .0 (CF.) .SO.M (1) 

M shows alkali metal or alkaline earth metal among (type, m shows the integer of 1-4 and n 
shows 0. 1. or 2. ] 
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CF.-CF (OCF.CF) .0 (CP.) .SO.M 



(1) 



n translated by computer. So the translation may not reflect the original 



2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
£0001] 

[Field of the Invention] This invention relates to the manufacture* method of the fluorine 

system ionomer copolymer containing a sulfonic group. 

[0002] 

[Description of the Prior Art] As a fluorine system ionomer. the copolymer which combined the 
sulfonic group thru/or the carboxyl group with fault fluorinatioo polymer chains, such as Nafion 
(trademark) and dafloetion my on (trademark), is known. Those are developed as ion exchange 
membrane mainly used for brine electrolysis, a chemical sensor, a demarcation membrane, and a 
macromoieculo super-strong acid catalyst are begun, and the utilization as a proton transport 
potyelectrolyte of a fuel cell etc. is considered. 

[0003] As this fkiorine system ionomer. it is the following typo (1*) to WO 98/No. 43952 

pamphlet 

[0004] 

[Formula 4] 

CF. 
I 

CF, -CP (OCF.CF) .OCP.CF, SO.M CD 

£0005] M shows alkali metal or alkaline earth metal among [type, n shows 0. 1. or 2. ] It comes 
out and the copolymer of the monomer (it abbreviates to "S monomer" hereafter) expressed and 
other monomers is indicated. 

[0008] However, the aquosity dispersion of the copolymer obtained when other monomers are 
tatrafkjoroethylenes was especially unstable when there were comparatively fow especially S 
monomers, and when it compounded to a large quantity, purification of the obtained copolymer 
was not easy. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention offers easily the manufacturing method 

of the fluorine system ionomer copolymer which can be refined. 

[0008] 

[Means for Solving the Problem] It found out that this invention person's stability of the aquosity 
disporsion of the copolymer obtained by carrying out coporymerization of the third monomer in 
addition to S rnonomer and tetranuoroethyleno of a general formula (1) improves as a result of 
repeating examination in view of the abovo-mentioned technical problem, and the obtained 3 
yuan or more copolymer removed quality of a low-molecular-weight ionicity impurity, such as a 
residual monomer, easily by the ultrafiltration method, dialysis, etc.. and could be refined. 
[0009] This invention rotates to the following term t - a term 3. 
Term I. The G) following type (1) 
[0010] 
[Formula 5] 



[001 1] M shows alkali motel or alkaline earth metal among [type, m shows the integer of 1-4 and 
n shows 0. I. or 2. ] The manufacturing method of the fluorine system ionomer copolymer 
characterized by copolymerizing at least one sort chosen from the group which comes out and 
serves as a compound expressed and (ii) tetraftuoroethylene from hexaftuoropropyleno, 
chterotrifWoethyleno. vmyfideno fluoride, perfluoroafcyl vinyl other (CF2=CFORf (Rf shows the 
perfluoroalkyl radical of carbon numbers 1-5.)). and ethylene as the third (iii) monomer under 
existence of a polymerization initiator. 
Term 2 Tho (i) following type (1) 
[0012J 
[Formula 6] 

CF. 

CP. -CF (OCF.CF) .0 (CF.) .SO.M (1) 

[0013] M shows alkali metal or alkaline earth metal among [type, m shows tho integer of 1-4 and 
n shows 0. 1. or 2. ] Come out and as tho third (iii) monomer with the compound expressed and 
00 tetrafiuoroethylene Hexafkjoropropylene. C hi orotrifkioro ethylene, vmyttdene fluoride, 
perfluoroalkyl vinyl ether (CF2=CFORf (Rf shows tho perftuoroalkyl radical of carbon numbers 1- 
5j) And at least one sort chosen from the group which consists of ethylene is copolymerized 
under existence of a polymerization initiator and an iodine system compound.) — Process;, and 
tho fkjorino-containint polymer chain segment S and tetrafiuoroethylene which form the 
fluorine-containing polymer chain segment B containing a sulfonic group. They are 
hexafluoropropylene. chlorotrifWoethyleno. vinyiidene fluoride, and perfluoroalkyl vinyl other 
(CF2=CFORf (Rf shows the perfluoroalkyl radical of carbon numbers 1-5.)) as the third 
monomer. ) — and the manufacturing method of tho fluorine system ionomer block copolymer 
which at least one sort chosen from the group which consists of ethylene is made to react to 
the bottom of existence of a polymerization initiator, and includes the process which forms a 
different fluorine- containing polymer chain segment A from tho fluorine-containing polymer chain 
segment 8. 

Term 3. The term t whose third monomer is hexafluoropropylene and/or perfluoroalkyl vinyl 
ether (CF2=CFORf (Rf shows the perfluoroalkyl radical of carbon numbers 1-5.)). or 
manufacturing method given in 2. 

Term 4. How to remove the quality of a low-molecular-weight ionicity impurity while collecting 
the unreacted objects of the compound expressed with the following formula (1) to a term 1 or 2 
an ultrafiltration or by dialyzing in tho solution or dispersion liquid of the fluorine system ionomer 
copolymer obtainod according to tho manufacturing method of a publication, or a fluorine system 
ionomer block copolymer. 
[0014] 
[Formula 7] 

CF. 
I 

CF.-CF (OCP.CF) .0 (CF.) .SO.M (1) 

[0015] M shows alkali metal or alkaline earth metal among [type, m shows the integer of 1-4 and 

n shows 0. 1. or 2. ] 

[0016] 

[Embodiment of tho Invention] The raw material compound expressed with the general formula 
(1) used by the approach of this invention is well-known, for example, can be manufactured by 
the approach of a publication in WO 98/No. 43952 pamphlet That is, according to the following 
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scheme, it can manufacture by the pyrolysis of a corresponding r; 

[0017] 

[Formula 8] 

CF. CF. 



I I 
MOCOCF (OCF.CF) .0 (CF.) .SO.M 

(I) 



-CF (OCF.CF) .0 (CF.) .SO.M 
(n) 



[0018] M shows alkali metal or alkaline earth metal among [type, m shows the integer of 1-4 and 
n shows 0. 1 . or 2. ] 

S monomer expressed wfth a general formula (1) in the copolymer of this invention, 
tetrafiuoroethylene (TFE). and tho hexafluoropropylene as tho third monomer. 
Oilorotrifluoroethyiene. vinyiidene fluoride, perfluoroalkyl vinyl ether (CF2=CFORf (Rf shows the 
perfluoroalkyl radical of carbon numbers 1-5 J) ) — and at least one sort of ratios chosen from 
the group which consists of ethylene — S monomer: TFE: — the third — it is monomer =5-49 
mol %:94~50 mol V0.5 - 20-mol %. Here, in order to stabilize the polymer solution or polymer 
dispersion liquid to generate, as for the third monomer, it is desirable to use a necessary 
minimum amount to TFE. 

[0019] In the manufacturing method of this invention, under existence of the source of radical 
initiation, it copoJymerizes easily, and can manufacture, and a fluorine system ionomer block 
copolymer can also be manufactured by copolymerizing under existence of an iodine system 
compound. The iodine migration polymerization method using this iodine system compound itself 
is well-known (for example, refer to macromoieculo collected-works 765-783 pages of the 10 
volume [49th] No. (1992)). 

[0020] As an iodine system compound to be used, for example 1. 3-diiodo perfluoro propane. 
1.4-dTicdoperfluorobutane. 1. a 3-diiodo- 2 -chloro perfluoro propane. 1. 5-diiodo -2. 4-dichloro 
perfluoro pentane. I. 6-diiodo perfluoro hexane. Perfluoro ARUKI range iodide, such as I. 8- 
diiodo perfluoro octane. I. 12-dUodo perfluoro dodecano and 1. and 16-dSodo perfluoro 
hexadecano. Perfluoro alkenyl iodide and dfiodomothane. 1. and 2-diiodo ethane is mentioned. 
[ which have unsaturated bonds, such as CF2=CF] and CF2=CFOCF2CF2l. ] These compounds 
may be used independently, and can also be combined and used mutually. 1.4- 
diiodoperfluorobutano is desirable especially, do — base — the amount of a compound is 0.01 - 
1 X of the weight to the sum total weight of each monomer. 

[0021] The polymerization initiator used by the manufacturing method of this invention may be 
tho same as what is used for the polymerization of a fluorine system polymer from the former. 
There is an azo compound in these initiators at an organic and inorganic peroxide list. As a 
typical initiator, there aro persdfate, peroxidation carbonate, and peroxidation esler and 
ammonium persulfate (APS) is mentioned as a desirable initiator. APS may be used 
independently and can also be used combining a reducing agent like ape fights, sulfites, and 
perfluoro alkyl-sulftnic-acid salts. The amount of a polymerization initiator is 0.01 - 1 \ of the 
weight to the sum total weight of each monomer. 

[0022] When manufacturing a block copolymer, it is carried out at at least two steps of 
reactions. 

[0023] The manufacturing method of a block copolymer is explained taking the case of one 
phase of the following example I - 4 phase. 

[0024] It is thought that dispersion generates one phase of an example by the micell-like 
solution (or sol) which consists of a polymer minute particle which combined iodine with the 



polymer chain end with the low molecular weight which is tho phase of prepar«g seed (seed) of 
the copolymer manufactured by this invention, and becomes f-A-l according to this phase, and 
tho case. The minute particle generated here moves to the two to 3 next phase. This two phaso 
- 3 phaso prepares polymer chain segment-B- which contained as many S monomers as 
possible fundamentally, although the charges of S monomer differ for a while. The polymer to 
generate serves as HB-A-fl-L It is effective in not decelerating the place where a 
polymerization reaction rate originally becomes slow at the process of two phase - 3 phase 
(process which increases the molecular weight of the -B-part of f-B-A-B-l. and S monomer 
content of the whole polymer at tho process that this is the same) by making the minute particle 
of many in the phase of l-A-f as possible. In this way. after making the molecular weight of the 
whole polymer molecule (t-B-A-BH) increase. It goes into four phase. Once dilute in this phase 
3 times, and reduce the concentration of S monomer and" it is set up to the same extent as one 
phase. 1) Polymer chain segment- A - which can crystallizo the water- insoluble nature of a 
presentation comparable as a phase can be made to be able to form, and it can consider as the 
block copolymer of the form of l-A'-B-A-B-A'-l as a result I) Although gradual -A- has also 
set up tho almost same presentation as -A'-, since molecular weight is small, it may become 
water solubility by the case. 

[0025] Generally, the molecular weight of tho polymer chain segment A is about 5000-1 million, 
and may be adjusted by the ratio of polymer and an iodine system compound charge, 
moreover, the weight ratio of tho polymer chain segment B and polymer chain segment A+A' - 
(98:2) (5:95) — it can choose froely [ it is desirable and ] in the range of - (95:5) (40:60). The 
molecular weight of the whole block copolymer is about 5000 - abbreviation 3 million. 
[0026] Tho obtained copolymer or block copolymer is obtained as stable aquosity dispersion, and 
can remove easily unreacted objects, such as S monomer which is a raw material, and tho quality 
of an ionicity impurity of low molecular weight (for example, a polymerization initiator and its 
decomposition product) with an ultrafiltration etc. 

[0027] The copolymer of this invention may be two or more block copolymers or graft copolymer 
which could copolymer! zo at least one sort by the fixed ratio of S monomer, tetrafiuoroethylene. 
and tho third monomer of the above, and connected the segment with the high ratio of S 
monomer, and the segment which carried out sequential reduction of the ratio of S monomer. A 
graft copolymer can be obtained when CF2=CFCF2CF2I etc. is adopted as an iodine system 
compound. 

[0028] The ionomer manufactured by the approach of this invention can give the advantageous 
and unique engine performance on tho occasion of tho utilization to tho fuel cell which used ion 
exchange membrane, such as selective ion permeability and stereospocificity. a sensor, 
permselectivo membrane, a catalyst a solid electrolyte, and it 
[0029] 

[Effect of the Invention] According to this inventioa the fluorine system ionomer copolymer 
containing a sulfonic group useful as a strong acid nature fluorine system poly electrolyte can be 
easily obtained in the condition which can be refined. Especially a fluorine system ionomer block 
copolymer has tho effectiveness of restraining tho whole polymer molecule also containing the 
fluorine-containing polymer chain segment which contains a sulfonic group as a result by 
crystaDinity by the crystal part, and increasing tho mechanical strength of a Plastic solid 
[0030] 

(ExampioJ Hereafter, this invention is explained more to a detail using an example and the 
example of a comparison. 

Cl(CF2CFCI) 300g 3C[ which was newly refined by rectification ] I and jig lime 4g which 
dehydrated are put into tho II. flask which attached the example of reference I stirring aerofoil, 
the thermometer, the nitrogen gas (N2 gas) inlet and tho reflux cooling pipe. It was careful of 
Na0C0CF(CF3) OCF2CF2S03Na 240g which carried out heating dehydration at 130 degrees C 
as powdered for 2 hours not to absorb moisture, end taught quickly the bottom of stirring, 
introducing desiccation N2 gas by part for 50ml/. and heating was promptly started with the 
mantle heater. Reflux began in tho place which amounted to 200 degrees C aaer 20 minutes, and 
it was admitted that the capacity emitted to a pan from a reflux cooling pipe top after 5 minutes 
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increased rapidly. About about 20 minutes, after continuing a reaction, tho switch of a montlo 
heater was turned off in the place where generating of gas is no longer seen mostly, and the 
flask was quenched to the room temperature for S minutes in the ice-cooling bath. Reaction 
temperature was a maximum of 207 degrees C. 

[0031] The brown granular powder distributed in CKCF2CFC0 3CI was filtered with the glass, 
filter, and the granular powder which was air-dried and was colored a little after washing by little 
HCFC22S was acquired. Next this granular powder was dissolved in 200ml of pure water, after 
adjusting to pH=7 was again taken tho ** exception in the NaOH water solution 10%. and filtrate 
was oxtracted. The white residue on a filter was NaF. When filtrate was covered over the 
evaporator, moisture was evaporated and the whole solidified by the damp or wet condition 
mostly, it once moved on the glass filter after 1-hour heat insulation in tho 5-degreo C 
refrigerator, and fUtrauon-under-roducod-pressure processing was carried out in about 2-hour 
room temperature atmospheric air. On exudation and a filter, white crystalline powder remained 
( the brown liquid J gradually. CF2=CFOCF2CF2S03Na (S monomer) which ******_ the obtained 
white crystalline powder from water, and is made into the object was obtained. 
Example 1 1 To the proof-pressure reaction vessel made from stainless steel of 5L equipped with 
a thermometer distance pipe and gas installation tubing, pure-water 2L 0. In (APS) of 
persulfotes. S monomer obtained in the example 1 of reference 50 g. 1 ,4-diiodoperfluorobutane 
0.6g is put in. Under stirring a building envelope by the repeat of fine application of pressure / 
vacuum by hoxaftuoro propylene (HFP) After a permutation. After pressurizing application of 
pressure and a degree to I MPa by tetrafiuoro ethylene (TFE) to 0.3MPa(a) by 
hexaftuoropropylene gas. temperature up was carried out to 60 degrees C. Since pressure 
drawdown started immediately after the pressure reached 1.15MPa(s) after 30 minutes, pressure 
was lowered tho temperature and Discharged to 20 degrees C or less after the failure of 
pressure of 0.1 MPa. and the polymerization reaction was once suspended. A product is 
transparence dispersion-like, this paragraph story aims at mainly obtaining the nucleus of stable 
dispersion by the so-called "seed polymerization." 

2) It is S monomer to the dispersion generated by 1 . 80g and APS 0.05g were added and tho 
polymerization reaction was started by the same actuation as one after adjusting pH to 7.5. 
Since pressure drawdown started promptly after temperature up at 60 degrees C. when the 
polymerization was suspended in the place which had tho failure of pressure of 0.l6MPa(s) 8 
hours after, transparent and colorless dispersion was obtained like t. 

3) Follow 2 and it is S monomer. 50g and APS O.tg were added, tho same polymerization 
actuation as 2 was repeated twice, after 16 hours, tho polymerization was ended and transparent 
and colorless dispersion 2l60g was obtained. When it fully dried, dissolution recovery of the 
unreacted S monomer was carried out with the acetone after this and polymer **** and S 
monomer content in a polymer were computed by the material balance after evaporataig 
moisture from that part since it did not coagulate even if this tfspersion was dramatically stable 
and it added electrolytic solutions, such as a hydrochloric acid and a potash alum solution, it was 
1 57g and 25.7-mol % respectively. 

4) When diluted dispersion 330g of 3 with pure water 3 times, added APS 0. 1 g, and it taught the 
same reaction vessel as 1-3. and 0.45MPa was pressurized for space after tho permutation by 
HFP gas by tho same actuation, pressure up was further carried out to 0.9MPa(s) by TFE gas 
and temperature up was carried out to 60 degrees C. pressure ckawdown started promptly. 
Pressure was lowered the temperature and <fischargod into 20 degrees C in the place which had 
tho pressure drawdown of 0.06MPa(s) 4 hours after, and tho porymerization reaction was ended. 
The product was the transparent dispersion which became cloudy a little. 

[0032] A result to oolymer **** which carried out evaporation to dryness of a part of this 
dispersion, extracted with the acetone, and collected S monomers was 81 g. and S monomer 
content in a polymer was 7.8-mol %. This polymer is considered to be a block copolymer. The 
result of drawing 1 and parallax thermogravimetric analysis (DTGA) is shown for 19 F-NMR of 
the obtained dispersion in drawjbgj! . It became clear that the dispersion of the thermal stability 
of the polymer of this invention whose functional group 19 F-NMR spectrum is obtained and is 
an S03Na mold is also good. 



Tho copolymer of TFE end S monomer can bo obtained like an example I except not using 
example of comparison 1HFP as a comonomer. Tho 2 yuan system copolymer obtained has 
unstable generation dispersion, and the coagulation of a copolymer tends to happen by the 
porymerization reaction of long duration, Moreover, since the dispersion of this 2 yuan system 
copolymer is unstable, sedimentation of a copolymer tends to take place in the process refined 
by tho ultrafiltration method or dialysis, and clearance of unreacted S monomer by the 
ultrafiltration method or dialysis and concentration are difficult for it. 

Since tho dispersion generated in each phase of 1-4 of example 2 example 1 is very stable, it 
con collect unreacted residual S monomers by application of an ultrafiltration method. If the 
dispersion generated by 3 and 4 of an example 1 in the eel of Centriprep (trademark) of Amicon 
is put in and it processes under tho centrifugal separation conditions of room temporaturo 
1500G. only S monomer will penetrate ultrafiltration membrane. Furthermore, after adding 
dispersion to the col and repeating it several times, when the law was continued adding pure 
water to a degree. S monomer was removed nearly thoroughly and was able to obtain the 
concentration dispersion whose polymer concentration is 60* 
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* NOTICES * • 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] 19 F-NMR of the dispersion obtained in the example 1 is shown. 

[Dravving_2] The result of the parallax thermogravimetric analysis (DTGA) of the dispersion 

obtained in the example 1 is shown. 



[Translation done.] 
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CF, 

I 



CF, = CF (OCFiCF) .0 (CF,) .SO,M 



(1) 



To mlJl-40lM, n»0, lXtt2*St, J To ) )Rtfx* U>a>6fc*8¥*>6atf*i*4>& < 4 
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